Background: We report a cross-cultural study designed to investigate whether the type of receptacle in which a coloured beverage is presented influences the colour-flavour associations that consumers make. Participants from the United States of America (USA) and China were shown photographs of red, green, yellow, blue, orange, brown, and clear liquids in a water glass, a wine glass, a cocktail glass, and a plastic cup.
Background
Perceiving the flavour of foods and drinks involves a process of multisensory integration [1, 2] . The colour of a food or drink item may, for example, provide clues regarding the likely identity and intensity of the flavour [3, 4] . Yet, flavour perception is also influenced by cognitive factors such as a person's expectations, which may lead people to generate false expectations and to misidentify flavours and/or odours [5] [6] [7] [8] [9] [10] [11] .
Colours convey different aesthetic values and meanings in different contexts [12] , so it would seem likely that consumers from different cultures might have different expectations when presented with the same coloured beverage. Evidence in support of this suggestion comes from Shankar, Levitan, and Spence [13] . These researchers conducted a study in which groups of participants from the United Kingdom (UK) and Taiwan viewed coloured and clear drinks and were asked what flavour first came to mind on seeing each drink. The two groups of participants exhibited different colour-flavour associations for the yellow, blue, orange, and brown drinks. For example, the most common flavour associated with the brown drink was cola for the British participants but grape for those from Taiwan. Recently, significant cross-cultural differences have also been reported in the case of colour-odour associations [14] .
To date, however, most researchers have tended to argue that colour has a specific meaning regardless of the particular context in which that colour happens to have been presented. However, it would seem more likely that the same colour can have a variety of different meanings depending upon the particular context and country (or culture) in which it happens to have been presented [15, 16] . Here, we hypothesized that one such contextual variable that might influence the meaning of the colour of a beverage is the container in which it happens to be presented. A dark purple coloured drink might, for example, make one think of wine if presented in a wine glass, and of grape juice, blackcurrant, or something else entirely if presented in a high ball glass.
A number of studies have already examined how the shape, size, and material of the container can influence the perception and evaluation by consumers of wine, tea, soft drinks, and water (for a recent review, see Spence et al. [17] ). The shape of a glass can also influence the perceived aroma and odour of wine, at least when people are aware of the dimensions of the glass from which they happen to be tasting [18] (also see [19] , for a review). The material from which a container is made has also been shown to affect participants' experience of drinking tea and soft drinks [20] . To date, however, few studies have attempted to assess how contextual variables such as the type of receptacle and culture interact to influence the specific flavours that people may associate with particular colours. The present study was therefore designed to investigate whether the type of receptacle, specifically different glasses containing a transparent coloured liquid, would influence people's colour-flavour associations. Another question of interest was whether there would be any cross-cultural differences either in terms of the crossmodal colour-flavour associations held by participants from different parts of the world, and/or in terms of the influence of the type of receptacle on the meaning of colour in those different regions.
Given that some cultural differences in colour-flavour associations have been reported previously between those participants from the UK and Taiwan [13] , it seemed sensible to extend this study to investigate cross-cultural associations with participants from the United States of America (USA) and from mainland China. In this study, we asked our participants to choose the flavour (from a list) to indicate the flavour that first came to their mind when they saw pictures of drinks in different colours (red, green, yellow, blue, orange, brown, and clear) presented in four different types of receptacles, including the water glass, wine glass, cocktail glass, and plastic cup (see Figure 1 for an illustration). Specifically, we addressed the following Figure 1 The seven different drink colours shown in the four different types of cups used in the present study.
questions: First, are there any differences in the nature of colour-flavour associations between the participants from these two countries? Second, are such colour-flavour associations affected by the type of receptacle in which the coloured liquid happens to be presented? Third, how, if at all, do these two factors (the type of receptacle and culture) interact? Note also that a substantially larger sample size (N = 200) was tested in the present study compared to that in Shankar et al.'s [13] previous study (N = 35).
Results
The colour-flavour responses for each group of participants are highlighted in Table 1 . Note that the analysis reported here is based on that used by Shankar et al. [13] . One-sample Kolmogorov-Smirnov tests revealed that the pattern of flavours associated with each coloured drink in each type of receptacle was significantly different from a uniform distribution in both groups of participants, for all P < .001, suggesting the existence of robust crossmodal, colour-flavour associations in each group. Fisher's Exact Tests with P values estimated with 100,000 Monte Carlo simulations and Bonferroni's correction for multiple comparisons (see [21] for the rationale for this correction) revealed that the two groups had different colour-flavour associations for (1) red or blue drinks in all type of receptacles; (2) green drinks in the water and wine glasses; and (3) yellow, orange, or brown drinks in the plastic cup, for all P < .01. No cross-cultural differences were observed in terms of the flavour associations for (1) the green drink presented in a cocktail glass or plastic cup; (2) the yellow, orange, or brown drinks in the water, wine, or cocktail glass; or (3) the clear liquid in any of the receptacles, for all P > .01. The participants' responses regarding the drink that they associated with each type of receptacle were classified into the following categories: (1) water, (2) alcoholic drink, (3) soda, (4) juice, (5) other, and (6) 'Don't know. ' The top three drinks chosen by each group of participants are listed in Table 2 . One-sample Kolmogorov-Smirnov tests revealed that the pattern of drinks associated with each type of receptacle was significantly different from a uniform distribution in both groups of participants, for all P < .001, thus suggesting that the participants associated each type of receptacle with a certain type of drink. The results of Fisher's Exact Tests with P values estimated with 100,000 Monte Carlo simulations and Bonferroni's correction for multiple comparisons suggested that the participants from the USA and China had associated each type of receptacle with different drinks. As for the water glass, alcohol was the drink that most often came to mind for the participants from the USA, whereas the Chinese participants thought of water instead. As for the wine and cocktail glasses, although alcohol was most often associated for both groups, more of the participants from the USA than from China (90% versus 60%, respectively) provided alcohol as their answer. As for the plastic cup, although water was the most frequent answer for both groups, the second most frequently chosen answer was soda for the participants from the USA, and 'Don't know' for the participants from China.
Discussion
Cross-cultural differences in receptacle-colour-flavour associations Both the statistics and counts of chosen flavours consistently demonstrated the interaction between the type of receptacle and the cultural background of the participants on the flavour associations elicited by the green, yellow, orange, and brown drinks. That is, the crosscultural difference for yellow, orange, and brown drinks emerged only when the drinks were presented in the plastic cup. This result allowed us to compare these results directly to those reported by Shankar et al. [13] . In the latter study, all of the drinks were presented in plastic cups. Shankar and colleagues also found crosscultural differences in terms of the particular colour-flavour associations for yellow, orange, and brown drinks. Our results confirmed the cross-cultural difference in the associations between flavour expectations and the yellow, orange, and brown beverage colours. In addition, our results also highlight the possibility that such cross-cultural differences are very likely to occur when a drink is presented in a plastic cup.
As for the green drink presented in a plastic cup, the most common flavour choice was kiwi for all participants. In contrast, Shankar et al. [13] reported that participants from the UK and Taiwan consistently chose the flavour of mint for a green drink when it was presented in a plastic cup, whereas kiwi was mentioned less often. These results might be taken to suggest another crosscultural difference, but they might also be attributed to the fact that the green drinks presented in these two studies were not exactly the same.
Taken together, the findings of the present study suggest how the type of receptacle, as a contextual factor, can interact with a participant's cultural background in order to influence the flavour expectations they hold for green-, yellow-, orange-, and brown-coloured drinks. According to the associative learning account of crossmodal correspondences, people are sensitive to the repeated exposure to specific combinations of stimuli [22] . What is more, consumers presumably learn crossmodal associations between colours and flavours across the lifespan as a result of their being exposed to specific combinations of stimuli (colours and flavours) that happen to co-occur together. Those combinations may differ across cultures, thus leading different groups of consumers to hold different crossmodal colour-flavour associations. Furthermore, the cross-cultural differences in colour-flavour associations are also presumably based on different expectations generated from the repeated co-occurrence of certain pairings of colour and flavour in everyday life. These cross-cultural differences may also result from a participant's exposure to different commercial products and to differences in agriculture practices in different environments [13] . The influence of the type of receptacle on such cross-cultural differences suggests that participants' expectations might be strengthened, weakened, or otherwise altered by contextual factors, such as the type of container in which a drink is shown (e.g., as in an advertisement). 
Cross-cultural differences in colour-flavour associations
The present results revealed a cross-cultural difference in the associations between flavour expectations that were elicited by the sight of a red beverage, which was not influenced by the type of receptacle in which the beverage was presented. For those participants from the USA, cherry flavour was most commonly associated with the red drink in three out of four containers, whereas the most frequent flavour choice for the same drink for the Chinese participants was watermelon. This crosscultural difference might well be attributed to the fact that the same colour red is repeatedly seen with different flavours in the marketplace of these two countries. Although red is associated with love and happiness in both countries [23] , it is reported as being associated with 'good-tasting' in the USA, but not by those from China. It is therefore difficult to determine whether documented cross-cultural differences in the colour-flavour associations arise at a perceptual or at a more semantic level [10, 24] . Similarly, the cross-cultural difference in the crossmodal associations between flavour and the blue-coloured beverage was not influenced by the type of receptacle either. In the present study, the cross-cultural difference was shown for the second most common flavour choice. Blueberry was the flavour that was most often associated with the blue-coloured drinks by both groups of participants. The next most common choice was raspberry for the participants from the USA but mint for those from China. This difference might perhaps be attributable to the fact that raspberry is not a particularly common fruit in China. Interestingly, blue was rated as the most liked colour by participants from eight different countries, including the USA and China [15] , and they both associate it with high quality [23] .
The impact of the container on drink expectations
Interestingly, the results of the present study demonstrate that participants from the USA and China associated the same container with different drinks. Alcohol most often came to the minds of the USA participants' when viewing the water glass, whilst it was water that came to mind for Chinese participants. As for the wine and cocktail glasses, although alcohol was the drink that was most often associated for both groups, more of the participants from the USA than from China suggested alcohol. Therefore, it would seem reasonable to expect that these two groups of consumers might have different expectations regarding the flavour of one and the same coloured drink if shown in an online advertisement, say. For example, when presented in a water glass, an alcoholic drink might be judged as highly 'appropriate' for those from the USA, while not eliciting such a strong feeling in those from China. Given that expectations concerning the flavour of a drink have been shown to influence people's subjective evaluation of the drink [25] , the present findings provide evidence in support of the idea that it is important to choose the type of receptacle in which to present coloured drinks carefully, based on both the colour of the drink and the culture background of the audience.
Limitation and future directions
Further research will be needed in order to overcome the limitations of the present study. First, it should be noted that the two groups of participants tested here differed not only in terms of their culture but also in terms of their age, as those participants who were recruited from the USA were older than those who took part in the study from China. It is possible that their age might also have influenced their familiarity with certain alcoholic drinks or the expectations on the drinks presented to them, but future research is needed to test this possibility. Second, when the participants were asked to indicate the first flavour that came to mind for each drink, they were asked to choose just one flavour from a list. Although this method has commonly been used in the literature [10] , it is important to note that it may not accurately represent the colour-flavour associations that a participant might come up with spontaneously (that is, it fails to capture the strength of the association for a given individual). However, that said, it is worth noting that Shankar et al. [13] had their participants freely write down any flavour that they thought of when seeing each coloured drink, and many of the results we obtained with providing a list to choose from were consistent with those freely written down by their participants. Third, the participants from both the U.S.A. and China finished the experiment on their own computers and saw the photos of coloured drinks on their own monitors, so we had no control over the colours that they actually saw. This is, of course, also exactly the same challenge that faces any international marketer wanting to show their latest product offerings online.
Conclusions
In summary, the results of the present study suggest that the type of the container influences the colour-flavour associations for certain beverage colours, and also reveals some cross-cultural differences between participants from the USA and China in terms of their colourflavour associations. The two groups of participants exhibited different colour-flavour associations for the green, yellow, orange, and brown drinks when presented in the different receptacles, whereas the cross-cultural differences in the colour-flavour associations for red and blue drinks were independent of the type of container used to present the drinks. These findings therefore highlight an interaction between contextual factors and culture in terms of colour-flavour associations. These findings have relevance to the international marketing of drinks. It is worth remembering that many international drinks manufacturers are currently thinking about how best to break into the Chinese market, which undoubtedly represents a huge area of potential growth for many businesses. We predict that online marketing, possibly using images and presentation formats similar to those utilized here (for example, online testing) is going to become increasingly popular and important in the years to come. Critically, previous research has tended to assess the meaning of different colours for flavour perception without necessarily taking into account (or at the very least without giving sufficient consideration to) the receptacle in which the coloured liquid happens to have been presented. The results reported here demonstrate, for what we believe to be the first time, that a given beverage colour can have a very different meaning (or associated flavour) depending on the receptacle in which it is presented -which can be thought of as a kind of context effect [17] -as well as the country in which it is presented. We would argue though that the findings of the present study should be intriguing enough to capture the attention of those marketers who wish to better tailor their products by using appropriate colour-flavour pairs for the consumers from different countries and by using the most appropriate/flattering receptacle.
Methods

Participants
One hundred participants from mainland China (50 women and 50 men, mean age = 27.3 years, SD = 1.8, ranging from 20 to 32 years) were recruited to take part in this study from the subject pool of the Spatial Cognition Lab at the Psychology Department of Tsinghua University; 100 participants from the USA (44 women and 56 men, mean age = 32.9 years, SD = 11.2, ranging from 19 to 61 years) were recruited from Amazon's Mechanical Turk in exchange for a payment of 0.80 US dollars. All of the participants provided informed consent prior to their taking part in the study. The experiment was approved by the Central University Research Ethics Committee of the University of Oxford.
Apparatus and materials
Photos of coloured-water drinks (180 pixels wide × 240 pixels high) were shown to participants. The drinks were made using 400 ml plastic cups (Tesco, Cheshunt, UK) to mix 250 ml of water with the different commercial food colourings (Dr. Oetker, Leeds, UK) to achieve six colours: red (.30 ml red food colouring), green (.45 ml green and .05 yellow food colouring), yellow (.05 ml yellow food colouring), blue (.20 blue food colouring), brown (.15 ml red, .10 ml blue, and .10 ml yellow food colouring), and orange (.10 ml yellow and .05 ml red food colouring). Clear water was also presented as the seventh condition. As shown in Figure 1 , the drinks were presented in four different containers, including a water glass, a wine glass, a cocktail glass, and a plastic cup.
Both groups of participants took part in the study online using their own computer on two websites. The participants from China completed the task in Chinese via Unipark (www.unipark.de), whereas the participants from the USA completed it in English via Xperiment (http:// www.xperiment.mobi downloaded on 15 May 13).
Design and procedure
A 2 (Culture: USA versus China) × 4 (Receptacle: water glass, wine glass, cocktail glass, or plastic cup) design was used, with Culture as a between-group factor and Receptacle as a within-group factor. Each participant completed 28 trials (7 colours × 4 types of receptacle) presented in a random order.
Before starting the main experiment, the participants were informed about the general aims of the study, and only those participants who accepted to take part continued. During each trial, a photo of a drink was shown, and the participant had to choose the first flavour or drink that came to mind based on the drink's colour from a list of 24 flavours, including apple, banana, blackcurrant, blueberry, cherry, cola, cranberry, grape, kiwi, lemon, lime, lychee, mandarin, melon, mint, orange, peach, pear, pineapple, raspberry, strawberry, watermelon, flavourless, and other. The list was constructed by combining those flavour options found in the papers of Shankar et al. [13] and Zampini et al. [10] , the wine aroma wheel (winearomawheel.com), and several flavours that are commonly found in the Chinese marketplace. These options were presented in a random order in each trial to avoid any possible order or position effects. The participants were instructed to specify which flavour they had in mind if they chose the 'other' option instead a . At the end of the experiment, the participants were shown the pictures of four receptacles with clear water in them (in a random order) and asked to specify the drink they associated with the receptacle or answer 'Don't know' if they were unable to provide an answer. The experiment lasted approximately 15 minutes.
Endnotes
a After participants were asked to choose the first flavour they thought of when seeing the photo of a coloured drink, and they were also asked to rate the drink for familiarity and how pleasant they expected it to be using a 7-point Likert scale. The data are not reported here because they fall outside the scope of this paper.
